Introduction {#sec1-1}
============

Spasticity is a sensorimotor disorder observed in different clinical conditions such as spinal cord injury, stroke, and multiple sclerosis. Clinically, it is described as "a motor disorder characterized by a velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex, as one component of the upper motoneuron syndrome (UMNS)"\[[@ref1]\]. Since spasticity is widely recognized as one of the features that contribute to the patients' disability of the flexor and extensor muscles of upper and lower limbs, many different therapeutic approaches are suggested to alleviate it.

Pharmacological agents are among the first-line in the treatment of spasticity, even though some authors\[[@ref2],[@ref3],[@ref6]-[@ref9]\] highlight the side-effects of these drugs, which are not well tolerated by many patients. On the other hand, peripheral electrical stimulation is a modality of treatment that has gained increased attention, mainly in the last three decades, as an alternative for improving the motor performance of spastic patients\[[@ref10]-[@ref17]\].

Briefly, electrical stimulation applied at the sensory or motor threshold is suggested to modulate neuronal activity at the supra or medular levels with "positive" -- or "negative" -- effects in spasticity and therefore in motor performance. The efficacy of this modality on the improvement of spasticity depends on the parameters of stimulation such as pulse width, intensity, frequency, stimulus location, application time, and pulse morphology\[[@ref18],[@ref19]\].

Among these methodological approaches, the transcutaneous electric neural stimulation (TENS) has been widely used to treat a variety of painful conditions, and also for treating spasticity. TENS is characterized by the placement of surface electrodes on the skin, and the intensity set at a comfortable level, without evoking any muscle contraction, which contrasts to the Functional Electrical Stimulation (FES). As an alternative to TENS, other authors have named such modality as *somatosensory electrical stimulation* (SES).

Many authors have reported significant clinical benefits of TENS/SES in neurorehabilitation. For instance, Conforto et al.\[[@ref20]-[@ref23]\], Sullivan et al.\[[@ref24]\] and Wu et al.\[[@ref25]\] mentioned improvements in the functional capacity of stroke patients after being submitted to this therapy. More straightly related to spasticity, Levin and Hui-Chan\[[@ref26]\] and Karakoyun et al.\[[@ref27]\] reported benefits of TENS in chronic spastic stroke patients; Sivaramakrishnan et al.\[[@ref11]\] and Goulet et al.\[[@ref28]\] observed positive effects in spastic spinal cord injured patients. In contrast, Garcia et al.\[[@ref18]\] did not find any contribution of SES on chronic spastic stroke patients. It is interesting to note that these studies also evaluated the effects of TENS/SES both at the spinal and corticospinal levels with inconclusive results concerning the agreement between such measures and the level of spasticity. Even though previous systematic reviews also report some benefits of low-intensity electrical stimulation in relieving spasticity\[[@ref29],[@ref30]\], there is no clarity on how and whether this therapeutic modality affects the cortical and/or spinal excitability concurrently.

In contrast to clinical scales, cortical and/or spinal excitability, which are obtained from transcranial magnetic stimulation (TMS) or transcutaneous electrical stimulation (TES), are measurements that contribute objectively to evaluate how external stimuli modulate the central nervous system\[[@ref31],[@ref32]\]. Therefore, since there is a lack of information concerning the effects of TENS/SES in relieving spasticity, the present systematic review aimed to verify the efficacy of this electrotherapeutic approach in the control of this sensorimotor disorder and its consequences in cortical and/or spinal excitability.

Materials and methods {#sec1-2}
=====================

This systematic review was carried out according to PRISMA recommendations\[[@ref33]\] using SCOPUS, PubMed, BVS (*Biblioteca Virtual em Saúde* -- Virtual Library in Health), Google Scholar and BASE databases from May 7^th^, 2018 to May 11^th^, 2018, and covered all the documents available on these sources. We used the following indexing and text terms separated by boolean operators: "peripheral electrical stimulation" *OR* "somatosensory electrical stimulation" *OR* "SES" *OR* "transcutaneous electrical neural stimulation" *OR* "TENS" *AND* "spasticity" *AND* "motor evoked response" *OR* "Hoffmann reflex" *OR* "H-reflex".

The eligibility criteria were: (1) Electrical stimulation intensity applied from above the somatosensory to just below motor thresholds, i.e. without evoking any contraction and/or movements; (2) Subjects diagnosed with spasticity from any neurological disease; (3) Evaluation of spasticity level by means of qualitative (example: Ashworth scale) and/or quantitative (example: dynamometric systems) methods; (4) Adoption of methods of measurement of cortical and/or spinal excitability to evaluate TENS/SES effects; (5) Studies written in English. These studies were selected according to the titles and abstracts only by the present authors, the main limitation of this study. All the records had to meet the eligibility criteria. Full papers, abstracts, Master/Ph.D. theses as well as abstracts from conferences were considered for analysis. The studies that matched the criteria were subsequently examined for inclusion.

Results and discussion {#sec1-3}
======================

The initial electronics search from SCOPUS (n=11), PubMed (n=8), BVS (n=61), Google Scholar (n=2) and BASE (n=401) databases provided 483 references. Six additional records were found from other sources. All these records were submitted to a filtering process following the eligibility criteria. After that, 44 studies were identified for further analysis. Since ten records were replicas, 34 studies were read in full with the purpose of checking each eligibility criteria, resulting in 10 manuscripts for qualitative synthesis ([Figure 1](#F1){ref-type="fig"}).

![Diagram adopted from PRISMA recommendations illustrating the flow of information at each phase of this systematic review.](JMNI-19-317-g001){#F1}

\[[Table 1](#T1){ref-type="table"}\] summarizes details of the process leading to ten studies that matched the inclusion criteria. The range date is from 1992 to 2018. Except the studies conducted by Joodaki et al.\[[@ref34]\] and Ching-Chen et al.\[[@ref37]\], which were respectively obtained in abstract and abstract proceedings forms, the remaining records were full articles published in scientific journals. Additionally, since the study conducted by van der Salm et al.\[[@ref35]\] compared the effects of three different protocols of electrical stimulation, but based on two different intensities of stimulation (below, which is in accordance with the eligibility criterion "1", and above the motor threshold), we decided to include their results reached only from TENS/SES applied below the motor threshold on review analysis.

###### 

Main characteristics of selected studies.

  Authors (Year)                                             Aim                                                                                                                                              Patients characteristics                                                                                                                  Intervention                                                                                                                                     SES parameters                                                                                                              Number of sessions                                                                               Clinical and neurophysiological Evaluations                                                                                                                                 Results                                                                                                                                                                                    Discussion and Conclusion
  ---------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Levin and Hui-Chan (1992)                                  To investigate the effects of TENS over a period of 2--3 weeks on spasticity and their association with motor function and spinal excitability   13 stroke patients divided in two groups (TENS: n=7; Placebo: n=6)                                                                        Electrodes applied over the common peroneal nerve, which supplied the muscles antagonistic to the spastic ones                                   Pulse width: 125 µs; Intensity: below the MT Frequency: 99 Hz Duration: 60'                                                 One single session/ weekday for 2--3 weeks                                                       CSS, MVC for plantar and dorsi-flexion H-reflex, M-wave and H/M ratio, H-reflex during vibration, *soleus* stretch reflex (latency and onset angles)                        ¯CSS (TENS group), MVC for plantar and dorsi-flexion H-reflex (N.S.), M-wave (N.S.) and H/M ratio (N.S.), ¯H-reflex during vibration, *soleus* stretch reflex (latency and onset angles)   TENS improved spasticity and dorsiflexion force after 2 weeks
  Goulet et al. (1996)                                       To investigate the short-term effects of TENS on spasticity and its association with spinal excitability                                         14 spinal cord injured survivors (13 ♂) ASIA scale: C-A                                                                                   Electrodes applied over the common peroneal nerve, which supplied the muscles antagonistic to the spastic ones                                   Pulse width: 250 µs; Intensity: below the MT Frequency: 99 Hz Duration: 30'                                                 One single session of TENS                                                                       CSS (MAS, ATR and clonus) H-reflex, M-wave and and H/M ratio from *triceps surae* muscle                                                                                    CSS (¯MAS and ¯ATR) H-reflex (N.S.), M-wave (N.S.) and H/M ratio (N.S.)                                                                                                                    TENS improved spasticity but failed to modulate H-reflex in spinal cord-injured patients
  Ching-Chen et al. (1998)[\*](#t1f1){ref-type="table-fn"}   To investigate the short- (10') and long-term (24 h) effects of TENS on spasticity and its association with spinal excitability                  9 stroke survivors (8 ♂) and ↑8 months from the stroke onset                                                                              Electrodes applied over *triceps surae* muscle (active electrode on the muscle tendon junction and reference on distal end of achilles tendon)   Pulse width: 200 µs (bipolar); Intensity: below the MT Frequency: 20 Hz Duration: 20'                                       One single session of TENS                                                                       MAS F~max~/M~max~ ratio, H-reflex latency, H-reflex recovery curve before, 10' and 24 h after TENS therapy                                                                  ¯MAS (10') but N.S. at 24 h ¯F~max~/M~max~ ratio (10'), ¯H-reflex recovery curve at 10' but N.S. at 24 h                                                                                   One single session of TENS was effective on improving spasticity although in the short-term
  Joodaki et al. (2001)[\*\*](#t1f1){ref-type="table-fn"}    To investigate the effects of TENS on spinal excitability                                                                                        10 healthy subjects and 3 spastic stroke patients                                                                                         Electrodes applied over the common peroneal nerve, which supplied the muscles antagonistic to the spastic ones                                   Pulse width: 250 µs; Intensity: below the MT Frequency: 99 Hz Duration: 30'                                                 One single session of TENS                                                                       Latencies and amplitudes of H-reflex and F-wave, and H/M and F/M ratios from *soleus* muscle                                                                                Latencies and ¯amplitudes of H-reflex and F-wave, and H/M and F/M ratios in both groups                                                                                                    One single session of TENS was effective on improving spasticity although in the short-term (10')
  Aydin et al. (2005)                                        To determine the short- and long-term effects of TENS on spasticity and compare with baclofen treatment                                          21 spinal cord injury patients divided in two groups (baclofen: n=10, 10♀; TENS: n=11, 5♀) and 20 control subjects Asia score: D-A        Electrodes applied over tibial nerve, bilaterally, to involve *gastrocnemius* muscles                                                            Pulse width: 100 ms (?) (biphasic); Intensity: below the MT Frequency: 100 Hz Duration: 15'                                 15 sessions for 15 days                                                                          SFS, ATR, clonus AS, FIM H-reflex, M-wave and H/M ratio from *gastrocnemius* muscle                                                                                         ¯SFS, ¯AS, FIM Baclofen: ¯H-reflex amplitude and H/M amplitude (N. S.) TENS: ¯H-reflex amplitude and H/M amplitude (N. S.)                                                                 The efficacy of TENS on spasticity depends on repeated sessions
  van der Salm et al. (2006)                                 To compare the effects of TENS applied of 3 different methods on spasticity and their association with spinal excitability                       10 spinal cord injury patients (8 ♂) and ↑6 months from the injury onset Spasticity level: 1--3 (MAS)                                     Electrodes on (1) *tibialis anterior* (antagonist), (2) *triceps surae* (agonist), and (3) dermatome (lateral side of the foot -- S1)            Pulse width: (1, 2) 100 and (3) 300 µs; Intensity: (1, 2) above and below (3) the MT Frequency: 30 Hz Duration: 45'         One single session of TENS for each protocol and in different days                               MAS, Clonus Score, Stretch Reflex H-reflex, M-wave and H/M ratio from *soleus* muscle                                                                                       ¯(2) MAS, Clonus Score (N.S.), ¯(1) Stretch Reflex (N.S.) H-reflex, (N.S.) M-wave and (N.S.) H/M ratio from *soleus* muscle                                                                TENS applied over *triceps surae* (spastic muscles), even above MT, seemed to be effective according to MAS in contrast to TENS and applied over S1 dermatome (3) but below the MT
  Martins et al. (2012)                                      To evaluate the effects of TENS and cryotherapy on spasticity and electrophysiological measures                                                  16 stroke survivors (6 ♂) and ↑6 months from the stroke onset Spasticity level: *x̄* =1.93 (AS)                                            Electrodes on S1 and S2 dermatomes (*gastrocnemius* and *soleus* muscles)                                                                        Pulse width: 60 µs; Intensity: below the MT Frequency: 100 Hz Duration: 30'                                                 One single session for each therapy (TENS and cryotherapy)                                       MVC (+EMG) from *tibialis anterior* muscle H-reflex, H-reflex latency, M-wave and H/M ratio from *soleus* muscle                                                            MAS, MVC (+EMG) from *tibialis anterior* muscle (N. S.) ¯H/M ratio                                                                                                                         TENS lead to a lower reflex excitability
  Karakoyun et al. (2015)                                    To evaluate the effects of TENS on spasticity and electrophysiological measures                                                                  Stroke survivors (15 ♂; 12♀) and ↑6 months from the stroke onset and control subjects (n=24) not paired by age Spasticity level: 1 (AS)   Electrodes on the tibialis nerve, between the muscle tendon and the medial malleolus                                                             Pulse width: 100 ms (?); Intensity: below the MT Frequency: 50 Hz Duration: 30'                                             One single session of TENS                                                                       AS, Brunnstrom stage H-reflex, M-wave and H/M ratio (slopes and amplitudes) from *triceps surae* muscles                                                                    ¯AS ¯M amplitude, H-reflex amplitude and slope, H/M amplitude and slope after TENS in patients                                                                                             TENS lead to an improvement on spasticity and spinal reflexes
  Garcia et al. (2016)                                       To evaluate the effects of TENS frequencies (3, 30, 150 and 300 Hz) in cortical and spinal excitability                                          Stroke survivors (4 ♂; 1♀) and ↑6 months from the stroke onset And control subjects (n=5) not paired by age Spasticity level: 1+ (MAS)    Cathode (proximal) and anode over the whole extension of the forearm flexor muscles                                                              Pulse width: 500 µs; Intensity: just below the MT and kept during whole session Duration: 30'                               One single session at each TENS frequency although stroke patients were only submitted to 3 Hz   MAS and isokinetic passive wrist torque measurement TMS and H-reflex *flexor* (ipsi and contralateral) and *extensor carpi radialis*, and *abductor pollicis brevis*        No significant statistical differences for corticospinal excitability, H-reflex or passive wrist torque                                                                                    None of frequencies were able to lead to carry over any effect in the central nervous system or spasticity
  Peres et al. (2018)                                        To evaluate the effects of TENS at 3 Hz in the corticospinal excitability                                                                        Control group (n=5; 3 ♂) and stroke survivors (5 ♂) and ↑6 months from the stroke onset, paired by age Spasticity level: 1-1+ (MAS)       Cathode (proximal) and anode near the wrist, both over the forearm flexor muscles                                                                Pulse width: 500 µs (monopolar); Intensity: just below the MT and kept during whole session Duration: 30' Frequency: 3 Hz   One single session over the forearm spastic muscles and the dominant side for the control        MAS and isokinetic passive wrist torque measurement TMS from *flexor* and *extensor carpi radialis* muscles from the spastic (patients) and dominant side (control group)   Significant statistical differences (increase and decrease) for corticospinal excitability in 3 patients but no agreement with passive wrist torque, which also varies widely              Inconsistent SES effects in corticospinal excitability and wrist passive torque

*These studies were obtained in abstract and abstract proceedings forms, respectively. FAC: Functional Ambulation Categories; AS: Ashworth Scale; MAS: Modified Ashworth Scale; FIM: Functional Independence Measure; H-reflex: Hoffmann reflex; H/M: H-reflex/M wave ratio; MT: Motor threshold; TMS: Transcranial magnetic stimulation; SFS: spasm frequency scale; CSS: Clinical spasticity scores (Achilles tendon jerks, clonus and passive resistance to movement); ATR: Achilles tendon reflex; MVC: Maximal voluntary contraction; ASIA Scale: American Spinal Injury Association Impairment Scale; N.S.: Not statistically significant;* ↓ *parameter decreased; ↑ parameter increased*

Population and intervention {#sec2-1}
---------------------------

According to our criteria, the selected studies covered only stroke (n=7) and spinal cord injured (n=3) patients. It is interesting to note that eight studies evaluated TENS/SES effects in lower leg muscles\[[@ref26]-[@ref28],[@ref34]-[@ref38]\] in both groups of patients while the other two concerned the forearm flexors\[[@ref18],[@ref39]\]. Five\[[@ref26]-[@ref28],[@ref34],[@ref38]\] from the whole applied TENS/SES over two nerves (*common peroneal and tibialis*), which supply the lower leg muscles. The other five\[[@ref18],[@ref35],[@ref36],[@ref37],[@ref39]\] applied TENS/SES over spastic muscles and dermatome region. In these last cases, TENS/SES seemed not to be effective in relieving spasticity.

Ching-Chen et al.\[[@ref37]\] succeed in relieving spasticity by applying an active electrode on the tendon junction of *triceps surae* muscle and the reference on the distal end of Achilles tendon, a remarkable protocol. We must also highlight the lack of studies giving attention to the spastic muscles concerning TENS/SES application and H-reflex from the forearm, presumably due to the misunderstanding that this neurophysiological measure can only be accurately recorded from *soleus* muscle\[[@ref40]\]. The contrary seems to be true for corticospinal data recording since the lower limb representation in the primary motor cortex (M1) is much smaller and deep in the longitudinal cerebral fissure than that of the upper limb, thus offering methodological constraints to obtain motor evoked responses from TMS application.

Electrical stimulation: parameters of stimulation {#sec2-2}
-------------------------------------------------

There seem to be a consensus that\[[@ref18],[@ref19],[@ref41],[@ref42]\] specific parameters of SES lead to different neurophysiological responses. Therefore, the variety of parameters presented by these studies could lead to different clinical effects and neurophysiological responses. For example, some studies have applied TENS/SES over muscles (agonists -- spastic ones -- or their antagonists) or the nerve supply of spastic muscles as well as previously mentioned. According to this review, the stimulation seemed to be more effective in alleviating spasticity when applied over the nerves that supply spastic muscles in comparison to other locations such as dermatomes -- five out of the ten studies\[[@ref26]-[@ref28],[@ref34],[@ref38]\] positioned surface electrodes over these nerves and achieved positive results in relieving spasticity in the short- and long-term, although the H-reflex did not seem to be modulated in 3 out of 5 cases. Thus, TENS/SES applied over the nerve supply of spastic muscles seemed to relieve spasticity but failed to modulate the H-reflex in stroke and spinal cord-injured patients. These findings may suggest that stimulating nerve supplies can be suitable for the treatment of spasticity by TENS/SES.

We may hypothesize that delivering TENS/SES circumscribed to a restricted spot may be more selective in recruiting sensory nerves from a target muscle or muscle group than other skin locations such as the dermatome level, which may lead to lower recruitment of somatosensory receptors recruitment due to electrical current spread. However, these studies reported different effects on the H-reflex. Three of them\[[@ref26],[@ref34],[@ref38]\] reported a decrease in H-reflex, in contrast to Karakoyun et al.\[[@ref27]\] and Goulet et al.\[[@ref28]\], which observed either an increase or no effect in H-reflex, respectively. Interestingly, only one study\[[@ref37]\] succeeded on improving spasticity by applying TENS/SES on a different skin location than in nerve supply, even though van der Salm et al.\[[@ref35]\] reached a positive clinical result applying electrical stimulation over the spastic muscle, but above the motor threshold, which is not recommended by other authors\[[@ref43]\]. Moreover, Veldman et al.\[[@ref42]\] argue that TENS/SES applied to a motor nerve might lead to more consistent responses in corticospinal excitability when compared to stimulating a motor point.

With regard to other parameters of stimulation, the studies which applied a narrow pulse width (≤125 µs\[[@ref26]\]) and high frequencies (≥99 Hz\[[@ref18],[@ref36],[@ref38]\]) were able to relieve spasticity accompanied by a decrease on H-reflex in comparison to those that used large pulse widths (250 µs\[[@ref28]\]) and lower frequencies (50 Hz\[[@ref27]\]), although observing distinct H-reflex responses (no change and an increase, respectively). Besides, it is important to highlight that Goulet et al.\[[@ref28]\] studied spinal cord injured patients, which reinforce the existence of different mechanisms in the physiopathology of spasticity when compared to chronic stroke patients. The other authors varied more widely in the TENS/SES parameters adopted. Most reports applied TENS/SES pulse widths between 100 and 500 µs, although Karakoyun et al.\[[@ref27]\] and Aydin et al.\[[@ref38]\] reported, curiously, positive clinical and H-reflex modulation results with a pulse width set at 100 ms and frequencies at 50 and 100 Hz, respectively. However, it sounds utterly meaningless since, in both reports, the maximal frequency of stimulation could be only set at a maximum of 10 Hz due to this pulse width (100 ms). Therefore, we conjecture that these authors intended to mention "100 µs" instead of "100 ms" in their manuscript.

Concerning frequency, TENS/SES was applied with frequencies varying from 3 to 100 Hz. According to Levin and Hui-Chan\[[@ref26]\] and Aydin et al.\[[@ref38]\], high frequencies of stimulation should be preferred as they recruit larger diameter afferents. Besides, some studies have been addressed to evaluate whether the frequency of stimulation can switch particular neural circuits in spastic stroke patients\[[@ref18],[@ref19]\]. While Garcia et al.\[[@ref18]\] reported that TENS/SES set at 3 Hz did not relieve spasticity nor lead to any evoked cortical or spinal modulation, Koyama et al.\[[@ref19]\] suggested that high frequencies (≥200 Hz) of stimulation can lead in turn to different responses on healthy subjects and stroke patients even though they stimulated above the motor threshold. Even so, Veldman et al.\[[@ref42]\] reinforce the lack of studies that compare TENS/SES effects at different frequencies to determine how they can modulate spinal and/or supraspinal neural circuitries and their carry-over effects on motor performance.

There also seems to be no agreement about the time spent during stimulation. The minimum time spent on TENS/SES therapy was 15'\[[@ref38]\] while the maximum was 60'\[[@ref26]\]. Both studies reported improvement in spasticity and motor performance of spinal cord and chronic stroke patients, but Levin and Hui-Chan\[[@ref26]\] did not observe any impact on H-reflex. Even so, they agreed that the maintenance of short-term effects of TENS/SES in spasticity depends on the frequency of sessions.

This study intended to review manuscripts that have applied TENS/SES intensities below the motor threshold. All the present studies determined the intensity of stimulation based on subjective parameters such as "volunteers' reports", for example. According to Veldman et al.\[[@ref42]\], small step adjustments on the intensity of stimulation from the sensory to the motor levels can induce different modulation responses on the corticospinal pathway. They suggest that TENS/SES at the perceptual threshold cannot even lead to modulatory responses. Therefore, the lack of a reliable and objective method to better set the stimulation intensity can contribute negatively to the comparison of protocols adopted by these studies and their results as well.

Spasticity evaluation {#sec2-3}
---------------------

Spasticity was evaluated by different qualitative and quantitative methodological approaches. Most authors used the Ashworth Scale\[[@ref44]\] or its modified version\[[@ref45]\], which is in agreement with the clinical routine, while other evaluated spasticity using functional scales, muscle force, and isokinetic dynamometers. Therapists usually assess spasticity using qualitative passive resistance measures. Even though widely accepted, these measures may be misleading into scoring the degree of a spastic muscle or muscle group, mainly due to their subjectivity, low resolution (i.e., very few scores) and, therefore, low reliability. These scales can mask particular evidence of TENS/SES effects mainly in chronic spastic patients who present increased muscle stiffness and normal stretch reflex\[[@ref18],[@ref39]\], reinforcing the need of evaluating spasticity objectively, i.e. by dynamometers capable of detecting minimal changes in passive resistance, thus eliminating subjective aspects of the evaluation and offering higher resolution in measurements.

Cortical and spinal excitability {#sec2-4}
--------------------------------

There seems to be no consensus on evaluating spasticity quantitatively\[[@ref18],[@ref27],[@ref39]\]. Concerning the proposed mechanisms underlying this sensorimotor disorder (increase excitability in alpha motorneurons and fusimotor neurons due to loss supraspinal drives), H-reflex, F-wave, and motor potentials (MEP) evoked by TMS have been used to evaluate the central effects of TENS/SES. However, the electrophysiological results of TENS/SES in the treatment of spasticity are inconsistent in the literature, corroborating the lack of agreement between electrophysiological and clinical results\[[@ref38]\].

Burke et al.\[[@ref4]\] and Burke\[[@ref40]\] highlighted the challenges of evaluating the excitability of a reflex circuit during movement and at rest. Additionally, these authors reinforce that even though some spinal circuits are altered, they are not straightforwardly related to the level of spasticity. It suggests therefore that the H-reflex may not offer suitable evidence of TENS/SES effects in spasticity. Accordingly, H-reflex and other measures (F-response and H/M ratio, for example) were herein inconsistent with the results obtained from spasticity assessments, which is corroborated by Levin and Hui-Chan\[[@ref46]\]. Therefore, one may suppose that, based on the physiopathology of spasticity known currently, an increase in such measure may reflect an improvement in this sensorimotor disorder even in short-term.

Moreover, Karakoyun et al.\[[@ref27]\] observed a decrease in spasticity with a parallel increase of H-reflex amplitude, which contrasts to other four studies\[[@ref34],[@ref36]-[@ref38]\] that reported a decline in this parameter. Aydin et al.\[[@ref38]\] reinforce that H-reflex may not explain the underlying mechanisms of spasticity since supramedular circuitries contribute to its physiopathology, which must also be carefully taken into account. Thus, there seems to be no consensus and clarity on how to link and interpret the H-reflex to the level of spasticity.

On the other hand, Burke et al.\[[@ref4]\] and Trompetto et al.\[[@ref5]\] also discuss the importance of taking into account the abnormal supraspinal drives on the motoneuronal pool. They propose that the homosynaptic depression between the Ia afferent and the motoneuron, which is under supraspinal control from the dorsal, medial and vestibulospinal tracts, plays an essential role in fine-tuning the stretch reflex. This fine-tuning can be disrupted by central lesions and consequently leading to spasticity. Therefore, we may hypothesize that the corticospinal excitability evaluated by means TMS would provide additional information concerning the underlying mechanisms of spinal and supraspinal spasticity and TENS/SES influences in this sensorimotor disease.

TENS/SES and other therapeutic interventions on spasticity {#sec2-5}
----------------------------------------------------------

According to our findings, only two studies\[[@ref36],[@ref38]\] compared TENS/SES with other therapeutic approaches to treat spasticity. Aydin et al.\[[@ref36]\] evaluated the effects of TENS/SES and oral baclofen from two groups composed of spinal cord injury spastic patients. TENS/SES electrodes were applied over the tibial nerve, bilaterally, to involve *gastrocnemius* muscles. They reported similar effects of both therapies on H-reflex, M-wave and H/M ratio from *gastrocnemius* muscle, and functional measures as well. In turn, Martins et al.\[[@ref36]\] compared TENS/SES and cryotherapy effects on *triceps surae* muscle of chronic spastic stroke patients. They were all submitted to both therapies although separately and in different days. The authors reported benefits to treat spasticity from TENS/SES in contrast to cryotherapy. Their findings were supported by H-reflex, M-wave, and Hmax/Mmax ratio. Even though we found only two studies that compared TENS/SES with other therapeutic approaches, their results support this intervention as a promising alternative in the treatment of spasticity.

Potential TENS/SES parameters at a glance {#sec2-6}
-----------------------------------------

Even though it would be hasty to configure what must be the best parameters of stimulation, the present review suggests that TENS/SES applied for more than 20', and set at \~100 µs (pulse width) and \~100 Hz (frequency) may lead to a short-term improvement in spasticity, which deserves to be investigated. Nonetheless, Garcia et al.\[[@ref18]\] and Veldman et al.\[[@ref42]\] pointed out that a fine-tuning on stimulation intensity may lead to different excitability responses at the cortical and spinal levels, as previously highlighted.

Conclusion {#sec1-4}
==========

Spasticity is a sensorimotor disorder characterized by an abnormal increase in muscle tone that impairs the performance of daily living activities. Several authors have advocated the use of electrical stimulation as a therapeutic tool for the treatment of spasticity, mainly due to non-significant side effects\[[@ref47]\]. Some of them have reported benefits from the electrical stimulation applied below the motor threshold (TENS or SES). Nonetheless, since the physiopathology of spasticity is still unclear (some suggest reduced spinal inhibitory reflexes), those who intend to apply TENS/SES also fail onto switching the *key* cortical and spinal circuitries that can result on some improvement of this sensorimotor disorder. Thus, we seem to be dealing with "trial-and-error" approaches and very few evidence that can lead us to a consensus toward parameters of stimulation, mainly due to the lack of studies, that can maximize the efficacy of TENS/SES as well as on evaluating spasticity quantitatively. Besides, we also support that the use of TENS/SES by the patients themselves at home may provide some advantages in contrast to FES, which offers a higher level of complexity in the regulation of parameters and, therefore, in use without the continuous supervision of a clinician.
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